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Abstract
Background: Swedish studies on antibiotic use in primary care have been based on one-week registrations of
infections. In order to study adherence to guidelines, analyses based on large databases that provide information
on diagnosis linked prescriptions, are needed. This study describes trends in management of infections in Swedish
primary care particularly with regards to antibiotic prescribing and adherence to national guidelines.
Methods: A descriptive study of Sweden’s largest database regarding diagnosis linked antibiotic prescription data,
the Primary care Record of Infections in Sweden (PRIS), for the years 2008, 2010 and 2013.
Results: Although the consultation rate for all infections remained around 30% each year, antibiotic prescribing
rates decreased significantly over the years from 53.7% in 2008, to 45.5% in 2010, to 38.6% in 2013 (p = .032). The
antibiotic prescribing rate for respiratory tract infections (RTIs) decreased from 40.5% in 2008 to 24.9% in 2013 while
those for urinary tract infections and skin and soft tissue infections were unchanged. For most RTI diagnoses there
was a decrease in prescription rate from 2008 to 2013, particularly for the age group 0–6 years.
Phenoxymethylpenicillin (PcV) was the antibiotic most often prescribed, followed by tetracycline. Tonsillitis and
acute otitis media were the two RTI diagnoses with the highest number of prescriptions per 1000 patient years (PY).
For these diagnoses an increase in adherence to national guidelines was seen, with regards to treatment frequency,
choice of antibiotics and use of rapid antigen detection test. The frequency in antibiotic prescribing varied greatly
between different Primary Healthcare Centres (PHCCs).
Conclusion: Falling numbers of consultations and decreased antibiotic prescription rates for RTIs have reduced the
antibiotic use in Swedish primary care substantially. Overprescribing of antibiotics could still be suspected due to large
variability in prescribing frequency, especially for acute bronchitis and sinusitis. Continuous evaluation of diagnosis
linked prescribing data and feedback to doctors is essential in order to achieve a more prudent antibiotic use.
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Background
Antibiotic use is associated with the development of anti-
microbial resistance [1–6]. It has been estimated that
25,000 people die in Europe each year due to resistant
bacteria and there are substantial costs associated with
prolonged medical treatment time [7]. Negative effects on
the environment are also seen, as high levels of resistant
bacteria have been found in rivers contaminated with anti-
biotic substances [8–11]. Together with agriculture and
animal production for food, the medical profession has a
great responsibility to reduce the antibiotic consumption
globally [12].
The frequency of antibiotic prescribing varies greatly
between countries in Europe [13–17]. In Sweden 90% of
the antibiotics are prescribed in out patient care, of
which some 65% are prescribed in primary care, 25% in
hospital outpatient department and outpatient depart-
ment other than primary care, 8% in dental care.
Respiratory tract infections (RTIs) represent the major-
ity (50–60%) of all infections in Swedish primary care and
therefore are at focus for efforts to optimise antibiotic
prescribing [18, 19] Media campaigns to the public and
structured implementation of new guidelines regarding
RTIs have been performed on a national basis. Many years
of structured work by the Swedish strategic programme
against antibiotic resistance (Strama) has significantly re-
duced the antibiotic use over the last decade [18, 20].
However, the variation in antibiotic prescribing rates
between regions and between different practices indicates
that there is still probable overprescribing [21, 22].
Within the last ten years, national guidelines regarding
Lower Respiratory Tract infections (LRTIs), acute otitis
media (AOM) and tonsillitis have been revised and all
recommend a more restrictive use of antibiotics than
earlier versions. The guidelines for LRTIs were revised
in 2007 and they recommend Phenoxymethylpenicillin
(PcV) as first line treatment for pneumonia and to
abstain from antibiotics in acute bronchitis. When in
diagnostic uncertainty, a C-reactive protein (CRP) test
could be used. Guidelines for AOM (revised in 2010)
recommend wait and see for three days and no immedi-
ate antibiotic treatment in children 1–12 years of age
without complicating factors. The guideline for tonsillitis
(updated in 2012) require the presence of 3 out of 4
Centor criteria (fever ≥38.5 tender cervical adenopathy,
purulent tonsils and the absence of cough) and a posi-
tive rapid antigen detection test for Beta-haemolytic
Streptococcus group A (RADT-Strep-A) before anti-
biotic treatment is initiated.
Gathering and analysing data on management of patients
with infections in primary care forms an essential
knowledge-base in order to identify new strategies for pru-
dent antibiotic use. In Sweden, prudent use of antibiotics is
defined as prescribing in adherence with current guidelines.
Previous Swedish studies on antibiotic use in primary
care have been based on one-week registrations of infec-
tious disease and therefore have included few data [23,
24]. Data from electronic medical records have provided
valuable information on antibiotic prescription for upper
respiratory tract infections in Sweden [25, 26]. In order
to study adherence to guidelines, analyses based on large
databases that provide information on diagnosis linked
prescriptions, are needed in Sweden.
In 2007 the Primary care Record of Infections in
Sweden (PRIS) was introduced. PHCCs were invited to
participate on a yearly basis and contribute with data on
consultations with an infectious diagnosis and all anti-
biotic prescriptions. In PRIS the majority of antibiotic pre-
scriptions can be linked to a particular diagnosis, as can
information on age, gender, results of CRP and RADT-
Strep-A, if applicable, for each patient encounter. Prelim-
inary results have shown a very variable prescription rate
as well as variable adherence to guidelines [18, 27].
The aim of this study was to describe how antimicro-
bials were used in Swedish primary care, 2008–2013. We
aim to identify trends over time, particularly for respira-
tory tract infections with regard to antibiotic prescriptions
and adherence to national guidelines.
Methods
This retrospective, descriptive study was based on the
information retrieved from the PRIS register, from the
years 2008, 2010 and 2013.
The study population
The number of Primary Healthcare Centres (PHCC)
contributing data was 47 in 2008, 58 in 2010 and 88 in
2013. In Sweden there were about 1200 PHCCs in total
in 2010. In a typical PHCC in Sweden there are about
3–10 General Practitioners working. Together, the
PHCCs represented in PRIS, served 460,529 registered
patients in 2008 and 785,070 in 2013, of all ages, in both
urban and rural areas of Sweden. Accordingly, the num-
ber of registered patients in 2013 represented 8% of
Sweden’s total population of 9,644,864 inhabitants in
2013 [28]. Due to the large number of registered patients
in the material the number of patients in each age group
was assumed to correspond to the total inhabitants of
Sweden as of December 31, for respective year [28].
For each year all registered contacts were traced either
due to the presence of an infectious diagnosis according
to the International Classification of Disease and Related
Health Problems- Tenth Revision (ICD-10), introduced
by the WHO, or because an antibiotic prescription by
Anatomical Therapeutic Chemical Classification (ATC)-
code had been registered. The ATC coding system is
used to classify drugs to facilitate studies of drug use in
Sweden. With each registered encounter information on
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the patient’s age, sex and if applicable laboratory testing
and antibiotic prescription was recorded. Common near
patient tests in Sweden are CRP and RADT-Strep-A.
Some patient encounters had more than one registered
diagnosis and sometimes an extra symptom diagnosis
had been added, such as cough. The diagnoses in PRIS
have therefore been ranked, so that the highest ranked is
the diagnosis most likely to cause an antibiotic prescrip-
tion according to clinical practice. Of the most common
RTI diagnoses,, pneumonia has the highest rank,
followed by AOM, tonsillitis, sinusitis, acute bronchitis,
pharyngitis, common cold and symptom diagnoses like
cough. If a contact had generated more than one diagno-
sis only the highest ranked was retained. The same rank-
ing system was used all years.
Data processing
The different diagnoses were divided into four groups
according to type of infection; respiratory tract including
ear infections (RTI), urinary tract (UTI), skin and soft
tissue (SST) and other infections. The latter group
consisted of diagnoses found in Chapter A and B of the
ICD-code system, including relatively few patients, and
some other diagnoses such as diverticulitis, gynaeco-
logical-, and sexual transmitted infections.
RTIs were further divided into upper RTIs (URTIs) and
lower RTIs (LRTIs). URTIs were organised into groups
that share similarities in clinical practice or national
guidelines, such as common cold, sore throat, acute otitis
media (AOM) and sinusitis. The group of sore throat
consisted mainly of tonsillitis but also acute pharyngitis,
mononucleosis, quinsy and scarlet fever. AOM was
divided into age groups, due to specific Swedish national
guidelines regarding children 1–12 years old.
The LRTIs were divided into chronic obstructive dis-
ease (COPD), cough, acute bronchitis, pneumonia and
influenza as these groups differ with regard to recom-
mended treatment. Nonspecific chronic bronchitis was
included in the COPD.
The consultation and antibiotic prescription rates re-
garding RTIs in Table 2 and the corresponding figures
for total consultation and antibiotic prescription in
Table 3 differ slightly. This is because there were some
differences as to which diagnostic codes were included
in each calculation. The arrangement of diagnoses in
Table 2 was done in the initial set up of the variables in
PRIS. In Table 3 the inclusion of diagnoses was made
later, based on a selection of diagnostic codes from ICD-
10. The group “no infectious diagnosis” in Table 2 refers
to antibiotic prescriptions with non-infectious diagnosis
or no diagnosis registered.
In order to calculate the number of antibiotic prescrip-
tions per 1000 patient year (PY) each PHCC provided
information on the number of registered patients at their
clinic, calculated as a mean for each year. PY refers to
the number of registered patients in the participating
PHCCs, per year.
In Table 4 variability in antibiotic prescription rate for
five common diagnoses (AOM, sinusitis, tonsillitis, acute
bronchitis and pneumonia) is presented. Four of the five
diagnoses also appear in Table 3, but with different
values for antibiotic prescription rates. The figures in
Table 4 were calculated on PHCC level and the figures
regarding antibiotic prescription rate in Table 3 referred
to an individual level.
Data from the 37 PHCCs who participated all three years,
with approximately 380,000 registered patients, was com-
pared to that of all PHCCs. Percentage of consultations for
infections, prescribed antibiotics and number of prescrip-
tion per 1000 PY were calculated (Additional file 1).
Statistical method
All analyses were performed using Excel (Microsoft.
Microsoft Excel. Redmond. Washington: Microsoft, 2010.
Computer Software) and SPSS (IBM Corp. Released 2013.
IBM SPSS Statistics for Windows, version 22.0.Armonk,
NY: IBM Corp).
For descriptive statistics, proportions and standard devi-
ations were used. Comparisons between proportions of
categorical variables in more than two independent
groups were performed with the Chi-square test for trend,
using an on-line calculator, http://epitools.ausvet.com.au.
P-values ≤ .05 were considered statistically significant.
Results
The number of PHCCs providing data to the PRIS record
increased over the three years we studied. The population
they served increased accordingly, as did the number of
consultations for all causes. The percentage of consulta-
tions due to infection remained about 30% for each year.
(Table 1) 60% of the consultations for infections were made
by women each year. The total antibiotic prescription rate
decreased significantly from 53.7% in 2008 and 45.5% in
2010 to 38.6% in 2013 (p = .032). (Table 1) The prescription
rates for the 37 PHCCs that participated all years did not
differ from the total regarding proportion of consultations
Table 1 Characteristics of the infections disease dataset
2008 2010 2013
Number of Primary Healthcare
Centres (PHCC)
47 58 88
Number of patient years (PY) 460 529 556 192 785 070
Number of consultations
(all causes)
662 184 809 964 1 085 829
Consultations due to infections







Prescribing rate 53,7% 45,5% 38,6%
Tyrstrup et al. BMC Infectious Diseases  (2016) 16:709 Page 3 of 10
that rendered an antibiotic prescription or in the number
of prescriptions per 1000 PY (Additional file 1).
Consultations for all infections
RTIs, including AOM, was the most common group of
infections, representing more than half of the consulta-
tions and resulted in the highest number of prescriptions
per 1000 PY. UTIs and SST infections were the second
and third most common reason for consultation. The
prescribing of antibiotics per 1000 PY decreased signifi-
cantly for RTIs, but remained unchanged for UTIs and
SST infections (Table 2).
The frequency of prescriptions without a diagnosis
decreased from 22% in 2008 to 13% in 2013. Antibiotic
prescriptions with no registered diagnosis could, due to
the type of antibiotic prescribed, be allocated to probable
RTIs (PcV, amoxicillin, cephalosporin, doxycycline and
macrolides) in 53% (2008), 46% (2010), 41% (2013) of the
cases and to UTIs (pivmecillinam, nitrofurantoin, tri-
methoprim and quinolones) in 28% (2008), 29% (2010)
and 40% (2013). SST type antibiotics (betalactam resistant
penicillin and clindamycine) represented about 20% of the
prescriptions with no diagnosis in all three years.
Consultations and antibiotic prescriptions for RTIs
PcV was the most common antibiotic prescribed for
RTIs followed by tetracycline. The proportion of PcV
increased and all other antibiotic subclasses decreased
from 2008 to 2013 (Fig. 1).
The number of consultations as well as the number of
antibiotic prescriptions per 1000 PY for the diagnoses
common cold, sore throat, AOM and sinusitis decreased
simultaneously over the years (Table 3).
Sore throat was comprised of consultations labelled as
tonsillitis in about two thirds of the cases, pharyngitis in
one third, and one to two percentages each of mono-
nucleosis, scarlet fever and quinsy. This distribution
remained the same over the three years.
Tonsillitis was the condition with the highest prescrib-
ing rate among the respiratory tract infections. PcV was
used in most cases of tonsillitis, with an increasing fre-
quency over the years. The number of patients with
tonsillitis who were prescribed antibiotics, without hav-
ing been tested with RADT-Strep-A decreased from
39.7% in 2008 to 26.9% in 2013. The patients who were
prescribed antibiotics, despite a negative RADT-Strep-A
test also decreased from 24.7% in 2008 to 13.1% in 2013.
The number of antibiotic prescriptions per 1000 PY
for AOM was halved between 2008 and 2013. Children
1–12 years of age comprised about two thirds of the
cases of AOM all three years. (Fig. 2) The fraction given
no antibiotics increased significantly from 15.4% in 2008
to 27.0% in 2013 (p = .041) and the percentage of pa-
tients treated with PcV increased from 73.6% in 2008 to
84.5% in 2013. Among children below 1 year of age the
number of patients diagnosed with AOM decreased
significantly as did the prescribing of antibiotics (Fig. 2).
The consultation rate for pneumonia remained stable
over the years. Pneumonia was most often treated with
PcV (53.8%). Although the consultation rate for acute
bronchitis remained stable from 2008 to 2013, the anti-
biotic prescription rate decreased from 59.7% in 2008 to
26.2% in 2013. The most commonly used antibiotic for
acute bronchitis was tetracycline (54.1%).
Variability in prescribing between PHCCs
The antibiotic prescribing rate per diagnostic group
varied between different PHCC. The largest difference
between the lowest and the highest prescribing PHCC
was found for the diagnoses acute bronchitis and sinus-
itis. The mean antibiotic prescription rate per diagnoses
per PHCC has decreased for all diagnoses between
2008 and 2013, but the standard deviation (SD) as an
indicator for variability has increased for all diagnoses
except pneumonia (Table 4).
Use of CRP
CRP was analysed in almost one fourth of all consultations
throughout the three years. Almost one third (28.5%) of
the patients with sore throat diagnosed in 2013 had a CRP
taken. Among the lower respiratory tract infections CRP
was used most often among patients diagnosed with
pneumonia (60.4%) and acute bronchitis (49.4%).
Consultation and prescribing for RTIs in different age
groups
The consultation rate decreased for all age groups, ex-
cept for 65 years and older, from 2008 to 2013. (Table 5)
The prescribing of antibiotics decreased in all age
groups, with the largest change (54%) in the age group
0–6 years, from 297 to 136 prescriptions per 1000 PY.
PcV was the most common antibiotic in all age groups
except in the age 65 years and older, where tetracycline
was slightly more common.
Discussion
Main findings
The antibiotic prescribing rate for RTIs decreased from
40.5% in 2008 to 24.9% in 2013, while those for UTIs
and SST infections were unchanged. All the diagnoses
regarding URTIs showed a decrease in both consultation
and prescription rate during the years 2008–2013.
Figures suggested increased adherence to guidelines for
AOM, LRTIs and tonsillitis.
We noted substantial reduction in antibiotic prescribing
for acute bronchitis. Increased variability in prescribing
rates between different PHCCs was found, particularly for
the diagnoses acute bronchitis and sinusitis.
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251 54,9 102 254 57,5 84 227 55,8 56
Skin and soft
tissue
49 10,8 31 53 12,0 29 64 15,7 30
Urinary tract 45 9,9 36 50 11,2 38 48 11,9 36
Other
infectionsb
36 7,9 3 36 8,1 3 33 8,2 2
No infectious
diagnosisc
76 16,6 74 49 11,2 48 34 8,3 32
All 457 100 245 441 100 201 406 100 157
aDiagnostic group excluding diagnoses in chapter 1 of ICD-code system
bDiverticulitis, STI, gynaecological- and viral infections













Findings in relation to current guidelines
Overall these findings indicate an increased adherence to
guidelines over time. This is reflected in the reduction in
the numbers of patients diagnosed with AOM, the in-
creased prescription of PcV in children and the increased
rate of treatment with no-antibiotic in children (Fig. 2),
and the decrease in antibiotics for tonsillitis and pharyn-
gitis. While it should be noted that the introduction of the
pneumococcal vaccine in the general vaccination program
in Sweden in 2008–2009 may also have played a part in
the reduction of AOM in the age group <1 year. [29, 30],
taken together these findings suggest an increased adher-
ence to diagnosis and treatment guidelines.
Furthermore, the antibiotic prescribing rate for
acute bronchitis decreased substantially and is ap-
proaching the recommended level of less than 20%
according to Swedish College of General Practice. The
consultation and prescription rates for pneumonia
were constant over the three years. Thus, there does
not seem to have been a shift in choice of diagnosis
from acute bronchitis to pneumonia to explain the
decrease in use of antibiotics for acute bronchitis. For
all RTIs, except acute bronchitis and COPD the most
commonly used substance was PcV, which is in ac-
cordance with national guidelines.
However, adherence to guidelines can still be improved
since many of the patients treated with antibiotics, with
the diagnosis tonsillitis, had no RADT-Strep-A taken or a
negative test. Swedish interview studies have indicated
that high prescribing doctors were not aware of or not
updated on the national guidelines for tonsillitis [31],
which may explain the current findings. Finally, excessive
use of CRP as a diagnostic tool, was noted, particularly in
association with common cold and sore throat, which is
not according to guidelines.
Also the increased variability in antibiotic prescription
rate per diagnoses between different PHCCs (Table 4)
suggests inappropriate antibiotic prescribing. Further
analyses as to what factors are important for changing
prescribing behaviours are needed.
Previous studies
Our findings indicate a decrease in antibiotic prescribing
rate for RTIs. This is in line with previous Swedish studies
based on electronic patient records [25, 26] and a diagno-
sis- prescribing survey [23] performed in the early 2000.
The continuous reduction in consultation rates seen in
previous studies as well as in ours could be an effect of
the arising debate in media and among the public with a
more critical view of the use of antibiotics, which started
Fig. 1 Trends of antibiotic subclasses for treatment of RTIs in the years 2008, 2010 and 2013
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Common cold 103 12 11,8 101 8 7,8 86 4 4,5
Sore throata 42 28 67,7 38 23 61,4 29 18 59,7
AOMb 27 23 84,5 24 20 80,6 16 12 74,9
Sinusitis 17 14 81,0 15 11 70,9 12 7 60,6
Lower respiratory tract infections Cough 24 2 8,3 30 2 6,5 28 1 4,0
COPD 11 2 14,5 17 2 11,1 28 2 7,8
Acute bronchitis 22 13 59,7 22 10 45,4 18 5 26,2
Pneumonia 10 7 66,2 11 7 61,9 11 7 62,5
Influenza 2 0,1 6,3 1 0,1 7,4 4 0,1 3,3
Totalc 258 101 259 83 232 55
aSore throat comprises the diagnosis tonsillitis, pharyngitis and mononucleosis, quinsy and scarlet fever.bAcute Otitis Media (AOM) cTotal values for RTIs add up to higher values than RTIs in Table 2 due to inclusion of













in the early 90’s. In addition, an increased focus on the
health care level with campaigns to reduce antibiotic
prescribing by educational efforts towards health profes-
sionals and national targets for good practice, may have
played a part in the reduction in consultation rates as
well as antibiotic prescription rates, as was noted in
2008–2013 [20].
Studies based on large diagnosis linked prescription
registers can, among other countries, be found in the
United Kingdom (UK) and the Netherlands. In contrast
to Sweden, the antibiotic prescribing for coughs/cold is
reported to have increased in the UK over the years
1995–2011 despite implementation of national guide-
lines [32]. The increase seem to be due to an increased
consultation incidence for coughs/cold in the UK, which
was not seen in Sweden. A possible explanation is the
gate-keeping function of the nurse triage. As a rule, to
book an appointment with a GP in a Swedish PHCC the
patient need to speak to a nurse first. The nurses’ triage
is performed according to current guidelines and in
many cases you will be given enough advice by the
nurses at this level and will not need to see the GP. In
addition, in Sweden most patients do not need a sick-
leave note the first week of illness for themselves or for
a sick child. This may explain why numbers of consulta-
tions for RTIs are low in Sweden compared to other
countries [32, 33].
In the Netherlands antibiotic prescribing has been ra-
ther stable and not decreased between 2007 and 2010
[33]. Antibiotics were prescribed in 26% of infectious
disease episode in the Netherlands in 2010 and in 45,5%
the same year in Sweden. However, the Dutch recorded
more infectious episodes per patient year (1065) com-
pared to what was found in our material (441) for 2010.
Again, the gate-keeping function may play a role to keep
consultation rates low in Sweden. Similarly, for AOM,
the antibiotic prescription rate in the Netherlands was
low (45.8%) compared to Sweden (80.6%) in 2010, but
since the consultation for AOM per 1000 PY was lower
in Sweden (24.3) compared to the Netherlands (38.2) the
antibiotic prescription per 1000 PY was rather similar,
20 for Sweden and 17 for the Netherlands. (80.6% of
24.3 = 20 and 45.8% of 38.2 = 17).
Sore throat, including tonsillitis and pharyngitis, is noted
to have similar treatment frequencies in the UK (62%), the
Fig. 2 Trends for treatment of AOM according to age group in the years 2008, 2010 and 2013
Table 4 Variability in antibiotic prescription rate between








AOMb 84.5 (7.9) 79.3 (8.1) 74.4 (8.5)
Sinusitis 80.4 (8.7) 70.6 (12.1) 62.5 (12.7)
Tonsillitis 88.4 (8.0) 83.6 (9.3) 80.0 (10.1)
Acute bronchitis 60.1 (15.5) 45.6 (17.3) 28.2 (17.4)
Pneumonia 66.1 (12.1) 61.1 (12.0) 63.0 (9.7)
aStandard Deviation (SD)
bAcute Otitis Media (AOM)
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United States (60%) and Sweden (60%) but a little lower in
the Netherlands (55%) [32–34], The reason for the relatively
high consultation rate for sore throat in Sweden is believed
to be associated with the high availability of the RADT-
Strep A at every PHCC, as well as other factors.
Strength and limitations
The PRIS database contains the largest number of pa-
tient registrations with diagnosis linked data on anti-
biotic prescribing in primary care in Sweden. The
PHCCs represented in the database are participating on
a voluntary basis, which might cause a selection of more
motivated PHCCs and hence, better prescribing rates.
On the other hand, the fact that in some of the geo-
graphic areas, all of the PHCCs participate contradicts a
selection bias. In addition, private and public PHCCs in
both rural and urban areas are represented. The number
of participating PHCCs increased from 2008 to 2013
and accordingly, the number of consultations, but the
percentage related to an infection remained constant
(30%), which reduces the likelihood of a very strong
selection bias. It can be argued that all calculations
should be based only on the PHCCs participating all
years, however that would make some of the data less
reliable, for example AOM and age groups. We therefore
compared the prescription rate and number of prescrip-
tions per 1000 PY for the 37 PHCCs that participated all
years with the total and did not find any differences
(Additional file 1). In addition, the antibiotic prescription
rates for UTIs and SST infections remained unchanged
while a reduction was seen for RTIs. This reduction was in
line with the revised and implemented guidelines for RTIs
(AOM, LRTIs and tonsillitis) during the study period.
According to the Public Health Agency of Sweden the
mean total antibiotic prescriptions per 1000 inhabitants
in Sweden were 443 in 2008, 406 in 2010 and 343 in
2013 [18]. So, the national data on sale show a reduction
of 100 prescriptions per year between 2008 and 2013
and in our study we found a decrease of 88 prescriptions
(from 245 to 157). This indicates that our results are in
line with trends in national data on antibiotic sales and
that most of the reduction in antibiotic use may have
taken place in primary care.
A limitation is that no visits after office-hours were in-
cluded in the register, which could cause an underestima-
tion of the frequency of infections as well as of antibiotic
prescribing. Control visits could not be distinguished from
a first visit, which might cause overestimation of the num-
ber of certain diagnoses such as pneumonia and AOM
and hence also underestimation of the percentage of anti-
biotic prescribing for these diagnoses.
Another limitation is that for 13.5% of the prescriptions
there was not a linked diagnosis. The majority (2/3) of
these antibiotics were prescribed without a patient visit.
Possible explanations are prescriptions for patients at
nursing homes, from consultations by telephone or pre-
scriptions being registered later after receiving results
from cultures or x-rays.
Conclusion and future directions
This study supports that primary healthcare in Sweden
has succeeded to improve prescribing of antibiotics in ac-
cordance to national guidelines. Both consultations and
and antibiotic prescribing for RTIs have decreased. The
significant decrease in prescribing rate for AOM and ton-
sillitis indicate that updating and implementing national
guidelines is an important tool to reduce antibiotic use.
There are still large variations in prescribing frequen-
cies between different PHCCs, indicating that irrational
antibiotic prescribing still exists. Continuous evaluation
of diagnosis linked prescribing data and feedback to
doctors is essential in order to make changes towards
more prudent antibiotic use.
Additional file
Additional file 1: Sensitivity analysis. (DOCX 18 kb)
Acknowledgements
We thank the Unit of Research and Primary Care in Jönköping and the
Public Health Agency of Sweden, for the support and financial contribution
for the PRIS register.
Funding
Construction and maintenance of the database PRIS has been paid for by
the County Council of Jönköping with contributions from The Public Health
Agency of Sweden.”














0–6 712 297 703 254 467 136
7–18 247 109 251 91 171 62
19–64 204 84 200 67 181 47
65- 206 68 228 57 280 48
Total 251 102 254 84 229 56
Tyrstrup et al. BMC Infectious Diseases  (2016) 16:709 Page 9 of 10
Availability of data and materials
Data can be shared upon request.
Authors’ contributions
SM initiated the study. CL and SE managed the initial gathering of the PRIS
dataset. MT carried out the collation and analysis of the data and drafted the
manuscript. AB, KH and SE supported in the statistical analysis. EM
commented and contributed to the manuscript. All authors critically revised




The authors declare that they have no competing interests.
Consent for publication
Not applicable.
Ethics approval and consent to participate
Confidentiality for patients was ensured by one-way encrypted ID-number.
Ethical approval was obtained from the Regional Ethical Review Board in
Linköping, Sweden, for the PRIS register (Dnr 2010/227-31).
Author details
1Department of Clinical Sciences, Family Medicine, Lund University, Malmö,
Sweden. 2Unit of Research and Development in Primary Care, Jönköping,
Sweden. 3Department of Infection Control, Malmö, Skåne County, Sweden.
4Department of translational medicine, Lund University, Malmö, Sweden.
5Department of Research and Development, Region Kronoberg, Växjö,
Sweden.
Received: 14 October 2015 Accepted: 11 November 2016
References
1. Costelloe C, Metcalfe C, Lovering A, Mant D, Hay AD. Effect of antibiotic
prescribing in primary care on antimicrobial resistance in individual patients:
systematic review and meta-analysis. BMJ. 2010;340:c2096.
2. Goossens H, Ferech M, Vander Stichele R, Elseviers M. Outpatient antibiotic
use in Europe and association with resistance: a cross-national database
study. Lancet. 2005;365:579–87.
3. Levy SB, Marshall B. Antibacterial resistance worldwide: causes, challenges
and responses. Nat Med. 2004;10:S122–129.
4. Bronzwaer SLAM, Cars O, Buchholz U, Mölstad S, Goettsch W, Veldhuijzen IK,
et al. A European study on the relationship between antimicrobial use and
antimicrobial resistance. Emerg Infect Dis. 2002;8:278–82.
5. Melander E, Ekdahl K, Jönsson G, Mölstad S. Frequency of penicillin-resistant
pneumococci in children is correlated to community utilization of
antibiotics. Pediatr Infect Dis J. 2000;19:1172–7.
6. Melander E, Mölstad S, Persson K, Hansson HB, Söderström M, Ekdahl K.
Previous antibiotic consumption and other risk factors for carriage of
penicillin-resistant Streptococcus pneumoniae in children. Eur J Clin
Microbiol. 1998;17:834–8.
7. Publications - The_Bacterial_Challenge_Time_to_React.pdf… [Internet].
Available from: http://www.ecdc.europa.eu/en/publications. Cited 12 Oct 2014.
8. Gullberg E, Cao S, Berg OG, Ilbäck C, Sandegren L, Hughes D, et al. Selection
of resistant bacteria at very low antibiotic concentrations. PLoS Pathog.
2011;7:e1002158.
9. Kristiansson E, Fick J, Janzon A, Grabic R, Rutgersson C, Weijdegård B, et al.
Pyrosequencing of antibiotic-contaminated river sediments reveals high
levels of resistance and gene transfer elements. PLoS One. 2011;6:e17038.
10. Li D, Yang M, Hu J, Zhang J, Liu R, Gu X, et al. Antibiotic-resistance profile in
environmental bacteria isolated from penicillin production wastewater
treatment plant and the receiving river. Environ Microbiol. 2009;11:1506–17.
11. Larsson DGJ, de Pedro C, Paxeus N. Effluent from drug manufactures
contains extremely high levels of pharmaceuticals. J Hazard Mater.
2007;148:751–5.
12. Third ESVAC report - Sales of veterinary antimicrobial agents in 25 EU/EEA
countries in 2011. www.ema.europa.eu
13. Coenen S, Mölstad S. Preferred antibiotics, dosages and length of
treatments in general practice–a comparison between ten European
countries. Eur J Gen Pract. 2004;10:166–8.
14. Mölstad S, Lundborg CS, Karlsson A-K, Cars O. Antibiotic prescription rates vary
markedly between 13 European countries. Scand J Infect Dis. 2002;34:366–71.
15. Cars O, Mölstad S, Melander A. Variation in antibiotic use in the European
Union. Lancet. 2001;357:1851–3.
16. Antimicrobial consumption interactive database (ESAC-Net) [Internet].
Available from: http://www.ecdc.europa.eu/en/healthtopics/antimicrobial_
resistance/esac-net-database/Pages/database.aspx. Cited 12 Oct 2014.
17. Bjerrum L, Munck A, Gahrn-Hansen B, Hansen MP, Jarbol DE, Cordoba G, et
al. Health Alliance for prudent antibiotic prescribing in patients with
respiratory tract infections (HAPPY AUDIT) -impact of a non-randomised
multifaceted intervention programme. BMC Fam Pract. 2011;12:52.
18. SWEDRES/SVARM 2013 — Folkhälsomyndigheten [Internet]. Available from:
https://www.folkhalsomyndigheten.se/publicerat-material/publikationsarkiv/
s/SWEDRESSVARM-2013/. Cited 12 Oct 2014.
19. Grimsmo A, Hagman E, Faikø E, Matthiessen L, Njálsson T. Patients,
diagnoses and processes in general practice in the Nordic countries. An
attempt to make data from computerised medical records available for
comparable statistics. Scand J Prim Health Care. 2001;19:76–82.
20. Mölstad S, Erntell M, Hanberger H, Melander E, Norman C, Skoog G, et al.
Sustained reduction of antibiotic use and low bacterial resistance: 10-year
follow-up of the Swedish Strama programme. Lancet Infect Dis. 2008;8:125–32.
21. Antibiotikastatistik — Folkhälsomyndigheten [Internet]. Available from:
https://www.folkhalsomyndigheten.se. Cited 12 Oct 2014.
22. Hedin K, Andre M, Håkansson A, Mölstad S, Rodhe N, Petersson C. A
population-based study of different antibiotic prescribing in different areas.
Br J Gen Pract. 2006;56:680–5.
23. André M, Vernby A, Odenholt I, Lundborg CS, Axelsson I, Eriksson M, et al.
Diagnosis-prescribing surveys in 2000, 2002 and 2005 in Swedish general
practice: consultations, diagnosis, diagnostics and treatment choices. Scand
J Infect Dis. 2008;40:648–54.
24. Lundborg CS, Olsson E, Mölstad S. Antibiotic prescribing in outpatients:
a 1-week diagnosis-prescribing study in 5 counties in Sweden. Scand J
Infect Dis. 2002;34:442–8.
25. Neumark T, Brudin L, Engstrom S, Molstad S. Trends in number of
consultations and antibiotic prescriptions for respiratory tract infections
between 1999 and 2005 in primary healthcare in Kalmar County, Southern
Sweden. Scand J Prim Health Care. 2009;27:18–24.
26. Engström S, Mölstad S, Nilsson G, Lindström K, Borgquist L. Data from
electronic patient records are suitable for surveillance of antibiotic
prescriptions for respiratory tract infections in primary health care. Scand J
Infect Dis. 2004;36:139–43.
27. Nord M, Engström S, Mölstad S. Very varied prescription of antibiotics in
primary care. Low adherence to guidelines in throat infections, as shown by
diagnosis based data. Lakartidningen. 2013;110:1282–4.
28. Population statistics [Internet]. Stat. Cent. Available from: http://www.scb.se/
en_/Finding-statistics/Statistics-by-subject-area/Population/Population-
composition/Population-statistics/. Cited 26 Apr 2015.
29. Vesikari T, Forsten A, Seppä I, Kaijalainen T, Puumalainen T, Soininen A, et al.
Effectiveness of the 10-Valent Pneumococcal Nontypeable Haemophilus
influenzae Protein D-Conjugated Vaccine (PHiD-CV) Against Carriage and
Acute Otitis Media-A Double-Blind Randomized Clinical Trial in Finland. J
Pediatr Infect Dis Soc. 2016;5(3):237–48.
30. Sigurdsson S, Kristinsson KG, Erlendsdóttir H, Hrafnkelsson B, Haraldsson Á.
Decreased Incidence of Respiratory Infections in Children After Vaccination
with Ten-valent Pneumococcal Vaccine. Pediatr Infect Dis J. 2015;34:1385–90.
31. Hedin K, Strandberg EL, Gröndal H, Brorsson A, Thulesius H, André M.
Management of patients with sore throats in relation to guidelines: An
interview study in Sweden. Scand J Prim Health Care. 2014;32:193–9.
32. Hawker JI, Smith S, Smith GE, Morbey R, Johnson AP, Fleming DM, et al.
Trends in antibiotic prescribing in primary care for clinical syndromes
subject to national recommendations to reduce antibiotic resistance, UK
1995-2011: analysis of a large database of primary care consultations. J
Antimicrob Chemother. 2014;69(12):3423–30.
33. van den Broek D’Obrenan J, Verheij TJM, Numans ME, van der Velden AW.
Antibiotic use in Dutch primary care: relation between diagnosis,
consultation and treatment. J Antimicrob Chemother. 2014;69:1701–7.
34. Barnett ML, Linder JA. Antibiotic Prescribing to Adults with Sore Throat in
the United States, 1997–2010. JAMA Intern Med. 2014;174:138–40.
Tyrstrup et al. BMC Infectious Diseases  (2016) 16:709 Page 10 of 10
